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(54) Title: OVERCURRENT PROTECTION CIRCUIT 




(57) Abstract 

An electrical protection system as illustrated in the figure which can be connected in series between an electrical power supply and 
an electrical load to form an operating circuit, which, when so connected, protects the circuit from ovcrcuments. The system comprises: a 
control element (104) which has a relatively low resistance, Rlow, when a relatively low current, Inormal, is passing through it. and is 
convened to a relatively high resistance Rfault. when the current through it increases from Inormal to a relatively high current. Ifault: 
a circuit intemiption (108) element which is connected in scries with the control element, has a normal state when the current Inormal is 
passing through the control element, the normal state permitting the current Inormal to pass through the system, and has a fault state which 
permits the Sow of at most a reduced current, substantially less than Inormal: and a bypass element (106) which is connected in parallel 
with the series combination of the control element and the circuit intemiption element, and is functionally linked to the circuit interruption 
element so thai an increase in current passing through the bypass element can convert the circuit intemiption element into the fault state. 
When me cunent through the system increases from Inormal to Ifault. the resistance of the control element increases from Rlow to 
Rfault. an increased current passes through the bypass clement, and die circuit interruption element is converted into the fault state. 
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a. mommm^. 



( 2 ) ffltl&WBtf I NORMAL /J $L I FAULT t£ 

( 1 ) lu»Jiim?^fi^Jf3^$tLT^^. 

(2) I NORMAL^tu|H$lJt|]^^ ^T^tn^Bf^ ^X-rAtCM^t I NORMAL 

( 3 ) ft*5£9t$lfc I normal J: 0^$'^fiTLte«SK36^ft*L^©*fJ : 1-7 



( 1 ) iuIEfjfPfl^^ 

( 2 ) /^m°X||?£»£*^:1^ 

Lfc^o T> vXf A *MEtl-€>*^E^ I normal^ b I FAULxt-Jf 

(i) m^^mM^mtm^owt^R^rizm-kt, . 

(ii) ^LfcM^^fuiB/NV/N'xm^^m. 

( i i i ) mtm^mm^v * -;v h ixbm o n ?> 

2 . mmmn^m i p t c**^wtrv^m*i i tiH«©vxx a 



3 . ffiI2$iJfPfl?fr\ Ml PT C US £ »J $ HtzMB 9 y >7*&fi£ 



(3) 1 1 - 5 1 2 5 9 8 

b. TIBtfV^^XX-f >y?% 

( 2 ) MtBili&X >f <y ^« LTt^Wl tfTfc 0 > MIHUIi^X 

7 . mm'U^zm^ftTmow 2 p t cmumLx^mMm izmt 

b . mm t> \s- 3 -f jHtaaxfci^ ihpix^ >y -^tumfrh 

8 . vxta ^Tia^iiflij-nii^x vrtffi®mffi*Mx-x^&mim 

5 ^iafc^Xxi^ 

a. »-@|IIj&x^y^ 

( 1 ) m&m&zj y?&mcr\^m, MM^vm^mm^, 

(2) mmmxj v?&m^x\^m, nntw&frtw&u mm 

9 . rmmmm^tzmumm •. 

a. MM; 

b. *m^Jt#; fc^tf 



(4) 1 1 - 5 1 2 5 9 8 

( 2 ) ^ll^lltffL^ I NORMAL th FAULT v 4 — 

en i NORMAL CARRY'S- 

( 2 ) VnoBma.tm^WSlZiS^Xm.n^ I faultJ: 0 *>/M^*^ 

I INTERRUPT^S^^^/^^ 

( 3 ) MM I NORMAL^MiallJil^^^^tl. Bifl I NORMAI>*VX'rA&$i 

ft & £ £ £fF $ ft & 7 — 7 45 <fc 

( 4 ) m*. HJfl&fc I normal 0 *>/J v § W£T Ufc^#Mti£©*fr 

( i ) 8&iB«ij»*? ^i^Bias&^m?©«mCTtTM^ii^n 



(5) #H¥ 1 1 - 5 1 2 5 9 8 

a. TBommmtzm&mmm^ 

( 1 ) J — ~7 )imm I nonuA^in & (D J - v ;i4fit> fci:t>* 

( 2 ) I^HSW^ I normal =k o/Mx^TL^^si^ain^i-^*- 

b. TC©ftW«^ 

( 1 ) MB0M«? £: ftw£, 

( 2 ) TfH©pJ»*fC{g£W-f-iK 

(a) iJ!iJ:b$M^ibnt^tuIH|iJtPmTl^<Z)«^ I con™.. fccfctf 

(b ) mtm^mm^mmm i load ; * lt 

(4) I CONTROL t I LOAD £ ©ffij£#jft£©*8£*3§a6fil I D I ..'fSX. 

( 1 ) Btrie$ij#i^ c:*r LT^JS^sti-cfc o „ 

( 2 ) frommmzft-fz, 

(a) HIEI*^^ I normal^. /W/^^^^^fg^MH^Jil^ 

I CONTROL ^ I LOAD 

fit 

(b) lill1t»^lHa»itt-«:^««tt^ita^^ 
©^ft©iulHiiJ»^?©^mfI(c:^^itii. I control 1 1 load t oiMMft 
I ©iwSrje^. § J: 3 ftffi-efc£ 0 

1 2 . S(BBfWftI*WPT C^S^WtT^^»^3l 1 1 (3|B«(7)vXx A 

o 

1 3 . mmmmm^tK mm p t c us £ $ tifc«i± ? ? > r&a 
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1 5 . T%a<Dm&*M*.tznMm& : 

a. 

(1) 1 NORMAL CARRY 

(2) V NORMAL 

INTERRUPT 

( 4 ) i^HR^- 1 normal j> 

c i ) mBm^tmmm^tmmmm^tix^^, 
( 2 ) Tie©pj^g^a^wi--s. 

( a ) mm* j —?jvmM i normal©^ mm t^it^r® < . 

( b ) WiBMM n<DWm& J -^/m^ I normal J: 0 ft h V v 

(a) ^J^Jti^^fett^l^fllSPS^P^©^^ I contbol> &&Tf 

( b ) Mmmmzmmtm^mm^ i load ; * u 

( 4 ) I CONTROL t* I LOAD 
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(2) &0is&m%tii-** 

(a) mnnffitf i normal©^ mm^u ^xm^mmomBM 

1 CONTROL e I LOAD C 

(b) 08&*8iE# I normal ^F^«^fg/-dHt0^^^. MILW*X 

CONTROL I LOAD torn 

INTERRUP 

1 7 , h rnmm^m \z mm mm $ hrmmmm^tt^ 
z t t^mr\ zoxi izmm $ nfc^Kia&£«*26fr s mussed 

( l ) 7 ;i/«yft I NORMAL^ati & © £fN- y 53 «k 

( 2 ) ft*30M«|te I load J: QfrZ^teTLtenffi&fati&iD&fti--?* 

b. T!3©^JiJ*T. 

( 1 ) mmmmmm?tmmimwii$nx^&s 

( 2 ) TiHORr^tfcfii^w-r^. 

( a ) n$L& j -^Jinwi i normal©^. msKSt^rfc < „ 

(b ) mmmmmz;—?)imm i normal £@/L/cb#. ^wwi^ 

■; 

1 8. Mm®nm?tfPTcmwzfiLx\^m$mi nztmoiyxf-u 
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2 1 . TiB©«*/&£$AfcftJfcE2 0 fifBi^XxA. 

( i ) tuiBW^^'; u-3>r;v^wuTi>o ; 

(3) iti^cfcO^ y I/- n ;n^(DtI©i^©/£J6(^ 
ttiifr b7t- ;v > #Jftfc«J o fib § o 

2 2 . lulBiiJiP^?^. mriB y wn-r ;i/fc^J£jjN*S*ifc> OT^b-fr 
izm&zntzv * i— 9*4 k%wlt*50> a^§n/ry x-?--^4-- F 

©W«H<fc*EE#^®*Eg( *je^t £ £ s z<DVls-?J titzV 
IBfttf^X-rAo 

2 3. fulBIUj^X^^^^. MIBPTCMg^m^J^'a-Lfc/^y ^;bX 
S> 7 1 h #JH£l& < «fe d (eft o TV > £ H^fil 2 0 KIEffc© ->Xf A, 

2 4 . luiBumx^ y^tdu mwmmty y^stu mm^ v?mu 
2 5 , mBMM^mmm^ tttc/< y x ? imtfbtir\.> zmm. 2 3 kib 



(9) 



#H¥ 11-512598 



2 6 . T&<Dmj&&mz.fcnzm% : 

c . Ill l 7 ft.^ u 2 5 (D^-ftnb^mz§3M0MM^U^XT^o 

I 1 ; 1 NORMAL cK #lE I CARRY ^ 

V £ z 1 V NORMAL 
I NTERRUPT 

( 4 ) .J**5UM9te I normal cfc 9 W£T L fcS^tOfllft Zi$t 7 *~ 

( 1 ) mmmmmmi L £mmW:mzftr^% > 

( 2 ) Tie©W^5t{8£#t&. 

(a) mm^—^'lM^L I normal©^. ^ffcjt^Tffi^ 

( b ) / —7/1^ I normal J: 0 A t ftftJtPlti 1 h U -y 



(10) 1 1 - 5 1 2 5 9 8 

(i) ;—?)infa i NORMAL^ti^co^i^Fi-/- 

b. TIB©*,!**?, 

( 1 ) 3i!BlHlgHBff&? $ ft W *./ 

(2) necopj»mf«^#-r^. 

( a ) n&J-^Jim^ I normal©!^ Btfia^Kit^Tte < „ 

( b ) mss#£gjw&£ y —?)inwL i NORMAL^^/iBt. s& i mm 

c. TiB©^/*XJ£?* 

( 1 ) tmWfo*ttMLrffljfflk£tiT*i*)* 

(2) Tte©Jfi#M*W1-*» 

<> 

( c ) mmmm?ommm*m i ^i&ftffim/-£wmfciit. m 2 

am 2 mmmmtmm^m, mmm^mmm^ty —?)mmfr ^ 7 * 

2 9 . mmmmm^K m 1 »x >r -y ^ & t u < w ; — 

3 0 . HffI5/^/^X0?^P TC£*£WUTV>£!*3fcE 2 8 fcfBfc©^* 
3 1 . huIH/W/n-X^Ws lulBPTC^Si^iJ^$n/-c»i±^7>y 
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^g£WLT^&ffOT3 0 (ii|3S^vXrAo 

3 2. mtm&mm^-hK tib©02@i&x< vrm^x^m>m2 
3 3. mumtm^^^^tK m^u^^m : ftmmizm^Ltzm2^ 

^ ?^X-f 'yf^f ltl^, milH/^V/^X^^ifCfg^ 2 pjT^irLfiiM 
3 4. M|H^2|lg&X-f *y^{i. M^Ht- 7 y ^$ ft, MIBf! 2 HH&X^f 

3 5. mtmrnmrnm?^ j —?Mm t7^—)ib ^mm^-mm^ 
x>r v=Ftwmmz%Lxt5 o . i-iax-f >y ^^ot©«^^«^tv^ 

a. Mia/^/^X^^ 2 3r«il/f(tix^> 

b. Huie-1SllIlilX^>y^^y-v;U^M©B#. .^£«ai£j£lfcU 

c. HUfH-MSX^«y^^7^-7VV^0iF > ftffi£*8Ifr&ttU M 

mmm&mmmizmm-t „ 

3 6 . M!E}$8$Ifci^P T C^gT^ &m$<M 3 5 KfBgtcftv'Xx A Q 

3 7 . SfflB— gUIS&X-r >y ^TIS©— 7 7 ;bX^ 'yf^'lW-S 

If im 3 5 dfefctf) vXfA, 
a. MIB/^/N°X#^O^tt^2^^m^ttJi^.'Si:, MI3/^m° 

X Jgi 1 J; Tfl£ Lfcm^ * o TmflB-fl/ W p< ? JlX j >y 7 — 
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<fc TWm-M'U * 9 )V7s4 >y ?ifi? * -71/ ^ll: =7 «y * & tl& J: -9 fc. M 
c . fit^l 2 8 L 3 7 ©V>Ttl^-II^IHm©*m^llvXxA 0 

(1) 1 NORMAL t%?L^5U±Ztl& 0 fe^t^m^t I INTERRUPTCARRY&S 
( 2 ) V NORMAL ^ ^ L V ^ffj- ^ T^M W K I CONTROLTR I P cfc 9 

( 4 ) ifi&* N HMtefz-I normal cfc v) h'ht$^&TUzmfatf%&h&<DZgt 

c 1 ) jummmm^ 

( b ) wfc&j --?)inw. 1 no^a..-^^ nMKit its < „ 

(c) «^^HHW^«^lNORMA L ^@^^t. ^lFJf^mfiiM*! 

(2) I NORMAL =fc D h±£t£ I CONTROL CARRY 

(3) mmw NORMAL NORMAL 

CONTROLTR IP 
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( 1 ) Tie^nj^g^fi, 

(a) mfflfflkttanMLtf I nohmai.J; 9/Jv$ v^Xliztitm^ 

(b) mffiBAWiK^icy^isfiW i msa^fc<fi«Aittit^Lfe^ mmi 

(2)1 NORMAL NORMAL 
«m I BYPASSTR I P * 

. -£> fuf^W^xfS^FWit^ I BYi>Assmrp£iS;t&^ StlH/^/^xm 

^©^fi^2m^f£j5tffiMfcmi^. itU^^ @i&flB0Stilr I INTERRUPT 

a. mm$&i±, 

( 1 ) / — "TVl/lt^ I NORMAL 

(2) /--7;I/A^«£EVnormal^W1-^ ; 

NORMAL 

\ 1 / 1 NORMAL CARRY 

(2) V normal U^fcEECM HS^^.I tripJ; 0 *>4*$ft1Kft I 

i NTERRUPT 



(14) 1 1 - 5 1 2 5 9 8 

a. &l|gfr&> 

( 1 ) y — i normal i:^ 

(2) / — 7;l/X^«ffiV NOBMAL ^#-r^ ; 

b . MB'U 'SZMT&mmmz I normal J: 0 hfrZtz/Urtxm? b V >y 

BYPAS STRIP 

(1)1 NORMAL CONTROLPASS 

( 2 ) V NORMAL =fc D {£ ^ Hll± V CONTROLTR I p (3 jo ^ T ^ I NORMAL J~ 0 
CONTROLTR IP 

UC^T, H]j&«^ I CONTROLTR1..£0X.& if|3$lJ#^T ^ MIH^JHJ 

4 3 . MIH/^M°Xg?^PTC^Mt%LT^'S||^<lI4 2 HiHflc^X 
4 4 . »J dgffi £ ft ^ m° x it? £ §iJ$PH? £{§;U m%zm\<DU^ 

a. i^HJi&fi. 

( l ) / — ^jWKfe I NORMAL t . 

( 2 ) J — T^A^mVNORMAL^WI-^ ; 

b . $&>W/<**^t;J3IRWfc I normal J; 0 4>/Jv£ ^z^/^xH^ h U «y 

BYPASSTRIP 
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(1) I NORMAL CONTROLPASS 

(2) V NORMAL NORMAL 
■cT^tlKjlE I CONTROLTRIP 

\ 1 / 1 NORMAL CARRY d it-rates fcJ;tf 

( 2 ) V NORMAL t^F Lt^MlS^T^ I CONTROL TR I Pet 
I INTERRUPT^MIiT"t''?>^ ; l ! § 

WrT * © ££ft" J: •? fc o T V * * . 

o 
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mt, mm® &wjt>-&tti&) s mmm, mm t a mmmmmizm vxm 

^*7#-;UhM»r^ (Ground Fault Interrupts) (GF I ) . <JU-, fc=fctf 

o GF Hi. llI^(DM^^-^{-*5tt^^^J:fc^LT. ^^{i^K^Jt 
ifc7*— -JH* (ground fault) UZOfzmz, ztiboMWLZi Lim%MPXt1Z 
Mtt^X^tllimEtZtiafit&o UfrU GF Hi. GfljUfT-XteHBLft^ 



(17) 1 1 - 5 1 2 5 9 8 

PTC Wliiiil (^Dbtiti^o <r ®&»iMf U it^'J (-@SS $ 
ti. iESi/I^M (normal operating condition) T«> {£J£#C{iItf>$Jll- 

mmm^mtitz*). jE1£l&f|3ia (normal operating current) ^JES®J#^ 
(normal operating time) £je;iT3fij$£ftfc 0« fc> PTC^Sfct "hU 

•yy (fa&) " +ttt>t>* nmmnmmi : z j £%'<<> mu, mm 
mo^mizm <owb& 0 -miz, ptc mm±mm& & n/ 1 tz i-mmam&u 

v7LfrWMtzumti&o mz^wiPTcmmzit, PTcfi/fj^- 
-ttitty (i)#«#y^ (2) ^©* o y^-)^{^wvH*E^n 

P TCWfriffltfbftX^&o P TCI1*" U ■?-$3&Xf£tl*<st>WWlz-?^ 
TidU USP0 4, 2 3 7, 4 4 1-t. 4, 2 3 8, 8 1 2-^ 4, 3 

1 5 , 2 3 7#. 4 , 3 1 7, 0 2 4, 4 2 6, 6 3 3-§\ 4 , 5 4 5 , 
9 2 6^ 4 , 6 8 9, 4 7 4 , 7 2 4 , 4 1 7^ 4 , 7 7 4 , 0 2 4 
^ 4 , 7 8 0, 5 9 8-f. 4 , 8 0 0, 2 5 3#. 4 , 8 4 5, 8 3 8^ 4 
, 8 5 7, 8 8 0-t. 4 , 8 5 9, 8 3 6^ 4 , 9 0 7 , 3 4 0^. 4 , 92 

4 , 0 7 4 4 , 9 3 5, 1 5 6^ 4 , 9 6 7, 1 7 6^. 5 , 0 4 9, 8 

5 0-t. 5 , 0 8 9, 8 0 1 #33«ktf 5, 3 7 8 , 4 0 7,-f ©£&&teiBfteft 

mcmM7°n-tZlz&iXftt>tltz 1/^y^OPTC^gcD^-e^, 7°a-t?X 

e^$^^*^^S«^^---tr^ "/iXlS" ( I pass) £fc(i"*~/b P 
«8T mxf, ikr (omwiz h u y7*«:5l#fic:1-*/J^S1t»* "h 1> >y7° 

(i trip) tir& 0 -MizmmMmmttut, ip ASS t Itbif©m©£ 
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TRipti I pass£> 1 . 5 2 , 5 l>TH©{i*<D^M£ £ ^T&. 

xm^fc h y v7°nmm— l^u c©b^«^ Ipa SS <>: i TR ip 

If i«© J: 9 /J:il©/^y f ^bllbtlfcP T Cii^f fflt^^I^*^^ 

"fflflEWb (thermal derating)" tmitl, U&t^^m^r^y 
Zfifrmz "%<mm (derating curve)" ft*K#fflV>£tt*. 

tt. &tiii . P T C * ts ^X-f -y^^fc(ifte©[l]M 

£HJi.L/-Co IWiicia^^xfA^^^ PTCflToflfct^t 
& : 

a. T!B©fiJ«T. 

NORMAL 

NORMAL 'J FAULT V <- m A. I *- M>f > m. 

FAULT 

( i ) ffi&m?£ mmmmznxx^ 

( 3 ) n«m.nmz i normal d/j^ ^i&TLtznm^ti&oz&i-y * 



c. Tf3£>/^/N°X^f\ 



(19) ftikW- 1 1 - 5 1 2 5 9 8 

Lf^m, VXf A£^tl&«^ I NORMAL^ t> I FAULT£*i*& *U 

(i) iii^tOjifei^R,,™^ £> Rfaui.tM* L . 

( i i ) mx Ltznmtf'U '^mj-iztfiti, 

am wiif^7t-)v > ymim vmztft&o 

$ : 

a. T&nM&zmt 

( 2 ) ii^nsa«j{3 1 normalJ; vfr%\i^j\sitnm<offlti*&-t'7*'-fr 

b. TIH^$iJiI*? > 

( 1 ) ElMK^T^ii^J^^^tLT^^, 

c 2 ) T&vBsmmmtmt** 

( 3 ) Tmomzim-f&x yrt\s-9*m-t&, 

( a ) $lJtPit^(w*5tt'S^Ji]^?^I©«^ I CONTROL > fccfctf 

(b ) £ftJt«&£:fctt*Mrt0W^ I load ; * LT 

(4) 1 CONTROL <- 1 LOAD 

c . TIB©'*^/**!!?, 

( 1 ) iiftFU^twtx^j^^nTfco. 

(2) ftojfittt«:^t<5, 

(a) mg&m^ i normal©^. /^/N°x^?©igmfeofij«?^g 



1 CONTROL G. 1 LOAD 
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(b) ®B&*8&#I normal ^^MMffWm&B^ ./W/<X*F0> 

I CONTROL il I LOAD t. ©ffijH/^ I D IFF 

( 2 ) m#$mmz i LO a D j; d /h$w£T Ltzm&^n © zwt 7 * - 

(1) HIMK^^ii^Jf-^^tiTV^, 

( 2 ) TIB^pJ^fctfg^W-r^. 

(a) *8fo&V-^/l>*» I nokma^B#. nm^it^rUi, 

(b) I NORMAL S^fcl^ 

& : 

a. rmomm^-r^m^m^m^ 

( 1 ) / - v;i/«^e i NORMAL^^tti £ © £#n- / — 7 *ys, J; # 

( 2 ) ii^fmefy;: i normal J: o /jv$ i ^i£T l tzmm^n zoz&i-y * 

( i ) niMK^-f h itm-^ s tm 

( a ) TOEflV -^;MK6 I normal^ > Mffifcit^Tjg, < „ 



(21) nmW- 1 1 - 5 1 2 5 9 8 

( b ) i> u hmm^um^ y-^jvwM i NOBMA^mz-tiit, w 1 

c. TIB©/^-r/^X^, 

( 1 ) m®m?frttLxwmmtiT£>t), 

(2) &©fJ£^{S£ir«. 

(b) fMiijs^©&m{i#sj§ i Mss^sttfc* wm^is. futftt^j 

( c ) mu# (Dmmm i ar®^«*^ i*«*fcB#* m i mim 
^Lt, mwm?ommimm imm&mmmm^ >w^mi-<Dm% 

a. Z(Dm$tl±, 

( 1 ) I NORMAL 

( 2 ) y— t^A^WEVnormal^^WL ; 

b . $IJ«? it I NORMAL j; o ^mmm? h y >y y*^ i trip£W-t& ; 

(i) i NORMAL CARRY 

( 2 ) VNORMM.iillL^mflE^jo^T^Hfi^tz: I trip J: <9 ^>/h$-V»«SiE I in 

TERRUPT 



(22) #*¥ 1 1 - 5 1 2 5 9 8 

a. £0®^$, 

( 1 ) J— -?)lWfc I NORMAL 

( 2 ) /-^;1/A^«JVnormal^ L ; 

b. ftftftt- 1 normal £ 0 M^iv^/x'xli^h U 7^1 

BYPASSTRIP 

c . ij^iifrM v**mA» 

(1) I NORMAL CONTROL, PASS 

(2) VnormalJ:*)*)^«EEV CONTROLTR I PV<— I NORMAL 

CONTROLTR IP 

CONTROLTR IP d JCS. 

BYPASSTRIP 

? 1 mm^rnm^ tins o > c^-? : 

a. ZCDmBli, 

NORMAL > 

( 2 ) /-^;I/A#SBEV N qrmal££WL : 

b . 'Urtzm&t, mnmz i normal^ o ww***? h v y-m 

BYPASSTRIP 

(i) i NORMAL CONTROLPASS 

( 2 ) V NORMAL 0 £> {■£ ^ ^M}±. V CONTROLTR I P (3 l > T I NORMAL 
V » E&#IL 1 CONTROLTR I P 



(1)1 NORMAL 0 *>*£^*SK I CARRY^ffl-T^^:. 



(23) 1 1 - 5 1 2 5 9 8 

( 2 ) VmmALtm^nmiz^rmMm^ i contr OL tripJ; d 

CONTROLTR I P 

BYPAS STRIP I NTERR 

%tlx^ *f|0J!<2M^fr#©#m, PTC lilfflS&e^ 7 * b m 
> P T C it© 7 * - )i h «»JP(i^ * -e (3 $ n T V ^ & l \ 

-r -y^«hPTc^g^^-ri»ii^\ mntm&mftz&tf&mj±tn$iLm 

m&x>&mttsh% t><D£ 0 #-ft;i/;U >y^fcJ;tfPT 

tzmm ; 2) i»&s:jt»ft &mm ; 3) t^ai s n a x * ;Mr - mmt 

Mf&XHt^ *iJ~i) v J: # U 7-S© PTC ^g^H^b $ tlX 
, ^n^tl«pW-e©#tl^i:t:TOm<m/-cLTV^ 0 *°<)v-M©PTC$l 

>; -7-M©P TC^gi:^ Ji^-i >y f ©SS«ffi0ll^Ifet. 

hi a, i b, i ct^ ^mmoMwmmmmm^ztirv^PTcmm 



(24) 



1-512598 



orting functionality) %m&t&tMz^ ItiKD^oW PTC gg:fc J: Zft iJ =* 

TOfiHIlHlttEti^fiPS^-eti. &o#<|± PTC ggfc =fc t/x >r >y^£S 

^iJlzfto-tfeO, £ft£mvfjh.&4>ft< i:4>iESftW*^i:|SJi;^^$0^ 
x*»5E^W1-* 0 P T Cgg 2 it, ®8ta>JEH>W£& 0 ^ L < 

iES*E (normal voltage) JbSM^fcMrtS «I £ ftl\ >M 

as#£i;£^ PTc^s2ti^ffl^L. *jv?4<Dimnffi&*)i>m^ 
tzzt-emmrifz* %4v*amz> mfc&mvx* vicmm* 

(2) HI b t^$tlfc#^T?(i:> PTCli2ttX^ <yf- 6 fcMfllfcfto-C 

*jo> cnii^-fnfe. 4>ft < t m^-mji-.tmcmz <D%&n&&&t*o p 

fctiS*^«88ES:aWr"t*2:i:tt-etft^\ »^£PTC 

p t egg 2 (i^fa^i u it^^fg^fgtoTtf 

(3) mi c(3/TN$n/s«€^ii. ±130 (2) TiHf^nfcJ^ftPTCg 
M 2 1 X-f -y ^ 6 ©M^iJ|g^> f 2X^7f 4 ^iUtJizft^TV*. u© 
J#-£\ PTCif 2tiU^-yf6 O.^JIS^ii> HJ1&<£>jE#*J± J: Hfl 

JES^»Cfc^t&«^lTO^»^*C^Ji^#ft^p itm^E^i; 
-Si.l U^f'y f 6 ^M^T> «SI£»j©P T Cgg 2 P T 

C^g 2 lijg#ifit£*i;*rf S <r K «fc ^ T*^£W, I2x-f7^4 fcggj&Ht 



(25) 1 1 - 5 1 2 5 9 8 

mm^-i Tti. n 2 x-r *y ^ 4 &§a <zt zm^&zt t>^&x& & t\ z 
m i a ntz&M&rHi, mno^H >y ^ 4 teni^© p t c^g 2 © 

£a£fj£*vrv^p 111 biwTv^n/-c[i/»J^Tni. 1 

ill c£^£ftfcJII#W\ ii^0#^il^lX-f ^y^4^\ iHnf£*»£# 

mt a, 2 b, 2 c&££/2 dii. Jt^^0l|O> Mtfit£$&nU iai&£ 
MtU JHI&fcfc&S ft /b^-^MPSI-^^S;^? (operational eleme 
nth *>J:U\ igaottt TO*TO*^^*N-SfN&*?**S1"*^ 
n-y ?l^t;LTl^o H 2 a £ 2 b^D.^ia, g| l alwT^tifcPTC 

mm.2 y^AommmmzMmLx^r^ umm? i o 4«ptc^s2 
? i o ?§*p$ n/ciuMp^^ n^o @2 c©yn 7 ?gti % mi 

b twT^ftfcPTC^g 2 £X>f 4 ©M?iM)££ftJSL WT. f&JiPit? I 
0 4tiM?"JX'f 'y^6^?>^«9> /^/<Xif l 0 6 &PTC^g2 fr£>J5£& 0 
0 2 dc7)7'n.y^®^ill c(^£ftfcPTC^g2 i:X^«y^4, 6<£>it/M 

frh$W, /^/^X#TOPTC^g2 fr«£ 0 

gMSii*^^r» t t7t-/bh m£«-r «ti£ii#i-f £ fr\ *?PJ! 

©ji^^oM^®S^©^|i^lzm b ft &#£©§|5n n 0 #i$(c: J; oTti> PTC 



(26) mm 1 1 - 5 1 2 5 9 8 

tt, mvimm? <DU#t t xmn vx i>m,\ 

* IMflJ*? 1 0 4. /*>f 1 0 6. fccfctf. SWftfcFl 0 S a^dH^O 

mm i o 2\mmz.nt}*m%\^ mmi i 2«uii&©jft®$n/cgfi<j^mfc: 

-To fftflpi 0 4. a^/n-X 1 0 6. &J:tJ\ III 0 8©#ifttg|Lt, « 

mm* mmm^i o 8©isii©m> tfcau mmtm&ow^^bm^ 

0 4 ««at:^PtT. ft^fl 1 2 £^£ft£«^&?f g 

s«ss^aiiHiTf*§ ^«l/-c5>. mum? i o 4 i o 6 mm 

LtS^HA°Xi?l G 6 d&IU 0 6i;ijffl$ft;te 
(U*^) fai^L/ib, AM/^if 1 0 6iiWm?l 0 8 

^amu^s ft^i l zizimztizmmzmim?! o sn^xw^ 
^^^/•ctiffjLh^-fr^o mmm? i o 4«. s*^^^t.#<^nLrm^^/^ 

1 0 8 {-J; TlfgStejWr^t & <fc 9 i--r^o 



(27) ®m- 1 1 - 5 1 2 5 9 8 

mi&mmt&o z^mimmmn^t, ptc&ki 2**^2 itmmzm 
ftsnt^s. ac«^2 Aizmftn&ontj&m&tZo mm2 s 
mimmm, ptc^si 2tm$2 4 immztizmmtPTcmm 1 2 

0 h II >y Offi < . P T CHS 1 2 ^fgj5tffi«#S(-ffi^. * LT, ^tf> 

li)|l 6£H2SMU 8«*5R^f2;4>BBi;w* 0 MM 2 
8«tEtt^ PTCHgl 2 ©fg^fa#^S^fS^tl«\ yj-y/I^ 
£13% 2 6^n©«EA^HPTC^«1 2©ISpiSJ:i.L<T, MTet 

So Lfdm, ■/<; 'y$?»gmiig&2 6.^?>ie^»^^nstij^«jEt±, y 

7*-/Kh- (W) *mtT> PTC£|gl 2**3©*8iE#PTC&iIl 2©* 
8iE^£f8;iT*B*£t, PTCSK1 2«feifa^L<JiAS 0 f^T\ P 
TCill 2t^t§mp$TO> 7'J >yvSl^i»&2 6^?»©fffiEtfJ^y. 

b- 1 4 £ # £ t^+7>^f|t ft £ o 

«; p- i 4 n& t> m 1 1 6 tm 2 ^ 1 8 am^, 'U'*xm 
mm 2 2 £m#2 4 ^a^u ctiizj: o> m-2 AftonM&iB&jtftKM 
mt&o mm 2 z (Dmmm\^mmz%n\t, y u-i at, y u-^/u 4 

^ 2 41*] CD««^t (trickle current) K J: o TM $ tlft t £ t ft & 0 
y 4«$tili:> PTC^gl 2t±Mffi2 4 ©IS&frfcftft*. P 

tc^si 2izmm^nx\^^t, PTcngi 2imwzn, PTcng 
1 2 (Dimmmmizm^m^mm^Mo 
mm 2 8 <Dwm&Ttf t> y u- 1 4 ©wra^m* y b- 1 4 ©stiff 
j; 0 ^asts*, s? i&& 1 6 tm 2 1 8 m i;ti«\ jn%fttiiiift 1 0 

0 3 b fct» 0 3 a ^iiS^MW 1 0 «r*ts&«, ^limR«»A«:fiB^ 
112 b i-^t-ifc S-?©^. 1"ftb^. ®fil 0 2, MM I 0 4 . 

1 0 6. JSBf 1 0 8, t$£Zf, ^fl l 2 L TV** 



(28) 1 1 - 5 1 2 5 9 8 

m 3 c i3a <D®&mi&^ p t c us 1 2 tM&hzimz ntz/< x ? 

3 2 %mu tfzho kmto > * U x * 3 2 tt* p T c £g£> ifijfi© %J8MM8£J£ 

cTPTctt 1 2 (Dmmmimm n&m&%mmt&w±t ? >7°n?(voi 

tage clamping device) t LTfJj < . i^fSj5i^»%ii(i> fcttfcJfrfcf** 

x©/cfe(z % PTc^gi 2 izmm$ti&mm±±g a'ux 

? 3 2©ft=b9te. Wffi^ (back- to-back) ®7xt-- ^V^-K^ tm<D 

03 03 a<7>SM««LOTHII&S\ DC7^-f *fe»{cJ^fi<fcLA:*>© 
^•To 03 d"Cf±> 0 3 at^.^.n^yu >y v^ff » 2 6 U 
U-=j-f;H 4#PTC^S1 2fc*fc#oTjg*l£*vtV£. HI 3 dom^P^! 
3 4 l±D Cigffe^o 0 3 &fynm>Wtf^<OM&M*i^ 0 3 art 

03 mz&vm^mm^ ptcsh ibmixfflttztifcwx* 

3 2 fcitUn Lfc O^^-To V X ? 3 2 l* s 0 3 e T 0 3c U X ? 3 

*^^<k^a«SiE«ttleII&0^ 1 ©tt8to0gfi|ggfc0>£ 2 ©«^3 0 £0 3 

Web ^,11 ^^Ifl 2^18 m VXMM 2 4 £ L 

tl^o »«^#£ttfc*£*:li* PT.Cg*l 2®m&i> i Mmiz±tf v ), PT 

1 4 mmt&o W2mMi 6«^t. ptcusi 2^m^^f-r. 

T. Sf!2j&&l 8#M#2 4 0>£)&£li§#, Kn-ytr>m*rC (dropping resist 
or) 3 6©0&£g|D. K LT y U- 1 4 &§K£tfli£#-3. 1 

1 6 PTCHgl 2©j»fcldiiKftIi8Sn^^„ PTC^gl 2tt?# 



(29) 1 1 - 5 1 2 5 9 8 

p t cmm 1 2 ^gfeifi^^^fgvHii^-eiii^-r^o m i 1 8 
*^2 8 (Dimnjizm'pmt&t, mmmmm&z (mu-t-y h$n^ P 

2 8 OW,m*T&& fc, U b-l 4 »M«M£ ft •) . £ l Jfc& I 6 #H 

^>ii«^«ffi»(Z)^ 1 <Dmm<ommm<DW 3 4 0 £n 3 

^ft7T?tm\mm ms^mtmm odj^Ti^&sn* ztuzu 
hLhwm(Dmmmm^tit^m%<Dmmmm(Dmz%^2 4£g 
mmzmmmtz zomnmmm&om 1 ommommmam 

3 ©1#J$ 4 0 tfu /W^'X P T C 3 8 ^r^-eiJ 0 . >J b- 1 4 1 1 6 
©^£ffl^W£ 0 /^/n°XPTC 3 8t±. PTC^Sl 2 ^ 0#b^*^Ed; 

% 3 0«^Tt±. M 2 8 £WF«E£#^1-£ fc. U I— 1 4 

> iiiii 6 2 4©ms^ibut^^o PT 

C^Sl 2 afflict;: ioTPTCill 2 Wfgfeitt^lx. 4 0 ^<Z)f£Jil£ D £ 
6 4l<o ^^'XPTC 3 8 tMM2 4 ^^ti^*^(3j:oT<; Ix 

- 1 4 tiw^^nft-r^o y i 4 (dzij )itmmmw.ztitc/i-( 
m%A 2(D\mz&^T&£&mmm<D'ik, a^/uptc3 8 <D&mmt#n 

XPTC 3 8frm&M{-PTC l 2iiMk y *y7*U U U 

-i 4««a$ti^^&i§c 0 hv^y t-jivmmm^m^tc 

PTCl 2 W/UPTC3 8©^{i. tt»2 S<D®fflm]±&M t )&fr 



(30) 1 1 - 5 1 2 5 9 8 

mz am&%tizt* ptc i 2wa"xptc 3 sos^tt^t, 

3^13 f £ 3 gfr0mt&t, S3 ct^^tl^UX^ 3 20cfc9^mffi 
? 7 P T C 1 2 - 2: £ £ o Hft^gE©&3£ft:te 

l^iK^ 0 3 a, 3 b, 3 c, 3 f . & £tf Z g tifcW&l± 
U >y vWlW 2 6 ttMi^^9o 03 f 2:3 g {z^^tl/c^X-r Aii. El 3 

d 1 3 e $ ntzo t mmowRv-r v ? ?&5ft@& 2 6 m^tz ztiz& 
S3 c 3 g ^ $ ia/-c#iPiSi- 3 * n^mm^ti. m 3 a©iu*&#^ 3 

2 b (3^$ tifrimMtt &-?X^tiZ> 0 

mmmmt> m 2 b ic^$n* 5 ^©fa^^t* «it? 1 0 8 t^j 
flu^ 1 0 4 j; moGmimznxisy) , 1 0 6 i-mmm? 1 0 

4 t&mzmztix^&o 

mm 1 0 2«. ai 4 oiznjjzm&v, mmi 1 2&iiifr0M£ftfc@ 
®*mft&o mwi o 4. 106. js&xfmn 0 B^nept** & 
mLxmnmwmm&t&o mmm? 1 0 4t«^£*^Du 7t-;^©i 



(31) 1 1 - 5 1 2 5 9 8 

mm?i o atMMi 1 2mmzhtznmfimft(D%tfAtinimtmm\*\ 
frz^fr&nittZo mm?i oawmmi i zizmm^ntzmm^m^ 
&k$M-t%£* umm? i o 4 n/U'sxm? i o 6 tmzm^r. nM&*' 

8&S«. 4, 2 2 6 . fc«fcTk ^^Httifeg|5^^#Vv-c N «B£fttt 

#iW§-2 0 0 -ei$ntV^ o t&fc©GF I Hlg&TffcU SS&2 0 4 £'Jfti&2 0 
6©*8Sili. GF I&ESS2 3 2©2o©-^^f;i/2 0 8,2 1 Oflfc^fcttf 
fllcgftft*. &L6HE&2 0 4 ^^g&2 0 6 0«^lf Utfttf , GF I 
2 3 2 lzmz>nz>MMi*mktz*)^ -fcw()V2 1 2 

itW2 0 4 ^j§g&2 0 &<Dmm^L<mmn, wmt, mm 

2 0 4^b fv *) y K 2 3 4 £ £ . W#^Si^^GF I ^ffiH 

2 3 8flfc«H§£3l#j&£l% & <b . ^(D^ 

GF IMBM2 3 2ft££i;fc«*Jz:J: 9— ftsf /P2 1 2 fltf>88#ISfc#3r£ 
©Pffi^jS^o MJHI&2 1 4t±. ~^p>f^2 1 2.fl0»*8K#^©.H 
ffi£je;tfc££*iBI£U 7>y^>r- 1U- 2 2 2 £6MK£tf£. 
• U 1—2 2 2/6«£ft££. MSOTl?bnw&^2 2 4,2 2 6#W 
£ft£J:»K MW2 2 8iv#Bfc&$nw«IK74:UC*)l»<. &&2 2 4 , 2 

*^b|{3 j; mnti&mmmmvw 2 <o«t»©i^i^«t«>— a biz 
fsito mAbiz^titzm.m^mmm2 5 0 ptc 2 4 2 &gf i 2 0 
0 tmmzmmzhx&v)^ %mz 0 4fcj:#>^/<;Mg#t2 4 4&. iwijbbs 

©PTC 2 4 2*5j:tfGF 1 2 0 0 fcMfllteftoW*, iESSjffttMT^ P 
TC 2 4 2 F*g©H^(± h U >y 7°«$t«fc 0f£< , PTC 2 4 2 0fi|ffiifcttgV\ » 
SMIfit PTC 2 4 2 0>8&mifiMU PTC 2 4 2fl©GF I 2 0 0^ 



(32) 1 1 - 5 1 2 5 9 8 

<onfam\m-?& 0 -eoism. m&ptcs 4 2&j:D f GF 1 2 0 ofr^'U 
>^mz 4 4-\t^$n. gf 1 2 0 0 n(ommzjmm^\^u^to g 

F I 2 0 0 ft©«^W#£^r£M«1-& £ , G F I 2 0 0 2 2 4,2 
2 6 SrW^T* M#2 2 8 ^©M&aWft-*. 

Ztztblz^ /n*'Jx^3 2©<J:aftSE?7>73li 1 £l2I4 btf)PTC 2 4 2 t$l 

it©^©4^ mi o 2. mm\ o 4. mm i o 8. ts&v, 

MM 1 1 2 £Hrt; 0 

man o 2 wM^^fffitL. mi 1 2 imm^MM^ntzBmm 
nt%o mw&&Tfmmm?immLxmnmimzM®tz 0 mmm^i o 4 

^?fc£fc#JWrf&£> 0 4iija»M*i(l£T$*$. iB»M* 

$c £>-f 9, f iJfPUT 1 1 0 4BU Mlfr*? 1 0 8»L^t, jt# 1 



(33) 1 1 - 5 1 2 5 9 8 

wmxi*> PTc^g3 o ift&ftz i ztwm&wtztx'tm, mmm 

U 1/-M3 0 6 it, PTCmW:3 0 4 fcfiffi 3 1 2 ©Mfcfiflltzfto 
TV>&„ V b-n-f;l/3 0 8 Mm 3 1 2 <hMMl3^&ftTV^ d i/XxA 
ii. atpVW\stf?>My*b\sT&ZnizZ't 1 OtJ:oT 

BHi;<s>ttT^S„ X^ «y^3 1 OtfmC^tiX^&m. [IS 3 0 0 
. V U-n-r/l/3 0 8 (iW$n^p M^ti/iU b-a^;P3 0 8#U 
£ 3 o 6 zm D\ U 3 0 6 zmctzwm-ev V- 3 0 8 ^ilttlH? 

fcL&aHWfc&^tf*^ PTC&jt3 0 4tt#i{ii£*f U 0S3 0 Otf>« 
8K#3*D> £ till J; 9 > ^#3 l 2 b V U-^-lJlZ 0 8 (Dmffi&oWEW&T 
t&o y b-^vf ;v 3 0 8 ©III©1S# y U-a>f )V 3 0 8 »WJ±V ho 
id«fc 0 &i£T-f<g> a. y WHfcS 3 0 6 ttW^fcWBfcSS 9 „ W^fctMRfc? >v 

— K 3 l 6 , 3 l 8 * U V- .3>f ;!/ 3 0 8 iJ^tPM 3 l 2 9 \Z 

^ £V ah— K 3 16, 318 0>»ft*£J: 0 fe^^ffii^LTti. V i-f 

-• ^V4--K3 16, 3 1 8^t^m^&?|^£U1-©T% PTCHS3 0 4 

> y uh&&3 0 6«< 0 

IS 5 c£#!hh&£. PTCM3 0 4 ^»0^^g^fii(7)^^CT 
ptc^S 3 0 4 £ftt#& ft£«JE£M^-f %>tz$>\z, n y x ? 3 2 .<& «fc 0 ft* 
J±^7>7l?^PTCII3 0 4 i:M^U@HgLT4>m\ 

@6 afr?>6 f ti> *^©0at^-?TPTC^g^/^^ tniZJv** 

a#v£6 f (^$tLfcHI^MAC^4 0 2#^$ft-CV£#* 



(34) 1 1 - 5 1 2 5 9 8 

m 6 a *vf, 6 f Iwtn $ tLtzMnm^mmmt, m u, i bfc^tn c ^g^ij 

06 aWU 1 0 tmm^mZfltzPTCgmA 0 4, fc<J;tJ\ PTC 

US 4 0 4 tmmm^titz/U * 9*7,4 v=F4 0 6 £€;i/c®«^K!S 
j&4 0 0 %7jk-f 0 $ PTCII4 0 4 fc/*>f p« 9)174 >y^4 0 6 t» 
|:^LTV^^„ m&fii*£&-%Z tt > 'U * 9)174 >y^4 0 6 

©$ijii$ti/-c h yy°umt^mmLx^So mmwkdm^i^ /u*9)i7 
^-y^4 o stfmitbtirrm, nmzpTcmwA o 4t^^$-yr^ 0 ptc 

US 4 O 4^ii*^-J:oTPTC^S4 0 4 l±*<Dmi&fi&N&lz%Mfc h y 
-y7°U b^/McW &o PTC^S4 0 4 ^©ffi«^tiPT 

c^s4 o AZMmzntzmmmmizmtf-t&o ptc^S4 o 4frt><Dm* 

s >*4 * 9)1*4 >y ? 4 0 6 £ b U <y TXfcttfcfc^ y f- U /S*>T ^ >v 
^4 0 6<*>&£©$g|&£lfcUt-f£„ 

-e(± > PTC^S4 0 4 &>U * 9)174 v.? 4 0 6 (i. @|ftc#*&&;ft£7;*- 

06 Mi. PTC:&*4 0 4 M^4 1 0 £it?iJt;:ft^fc:it#|/W * 9)17 
4-j^i 1 2£ffi*fc&*a«»l5JI&4 2 0**1% PTC^S4 0 4*5^^ 

l 2W% »(3|g^$nT^^> 0 COltJ&THi. tMSIE 
P T C 4 0 4 * h V v 7° P T C 4 0 4 iffijgffimiz%} 0 
Mfr&o PTC$at4 0 4 fr£<0tot*ii#|/W * ?/PX>f 4 I 2 & h V -y7" 

fflU'MtffrXJvri I 2©i^if|t, PTC^g4 0 4 
rM0i<„ £0*|fiRtt» PTC«*4 0 4**9JtoMtEEfflfcl,T||0H** 



(35) 1 1 - 5 1 2 5 9 8 

£/&WJ-e&£ 0 £ftti> H6bfc^£ftfc.lalttr-«i> 6£»J/-H* -yf- 

t> L ■*> /-c#^El-tlti\ P T C 4 0 4 «h 
y 9)^X4 »y f - 4 1 2 ©<|^fe-tir{i^ StflW^lit^ C 

* 9)1X4 A 1 2 #g»&£lftfS3 D£©#It£ L < ^^iSWJTii. K?iJ 
rU * 9)1*4 >y^4 1 2 ti > 06 0.fc£tf6 f fc^&fttf: U -fe-y b#7>4 2 
2#ttf>7>y^>7* • 'U * 9)1X4 vf-i 3 2<D&^t£?v?y7M.-V1b? 

06 cti, il^J/NVy ^/l/X-f >y^4 1 2 £jt^j£&ofcM^J*g£©PTC& 
S4 0 4 t'Ut 9)1X4 'yf 4 0 6 ^#^.fe®«^®IUS4 3 0 £^1% Z 

®mm*. 06 &<bfflm&n*tmiMwm£> m^b^mm^wmB 

ffij t XfrrtSWSL (galvanic open) C©ifi|t(i v Ilil|i:l 
TtJflD/W ^ 9frX4v ^406 # h 'J >y 7\LT> «^^PTC^S4 0 4 

fu1?PTClt4 0 4 ^fi^iU^ 0 #b D > gU%4 3 0 (DWM 
ZifflSlzfe^fctTTFlf*. PTC^g4 0 ifrboy&ifiJg&PU * 9)1X4 >y 
*4 1 2&bVvf%&, PTG^g4 0 4*vf>«±eS( l 9^<o ? 
;l/X-f<y^4 1 2©*&&<0|0&fc^ ^Sf-Ev^^lfbtl^o 06c(^$tl 
*J:3£, zommt, m$P<4 *9)UX4 >y^4 1 2 #HV\fc&* PTCHg 
4 0 4 tMWU *9)lX4v?4 0 6 iW;lSifrft£*IDj&t. ±^LfcJ:-9 
tc. Si&U-fe-y hfcl#a^£U<-fc^J6ffl0STttt» e^ij/^^ ^;l/X>f «y^4 1 
2 It* 06 e&£tf 6 f ^>J< isti&kn t£^W) U -tr -y h # * > 4 2 2 ^#^7 >y 
f- > ^gT»fe o T & 0 6 e 12 bttz'<i)X9Z 2 CO J: 9 ft«EE 7 7 >7° 
Wi$nti>^ PTC^S4 0 4 fcMfllteEftSft^ PTC&S4 0 4 

^ji^#^«tfLii7<^»-^^TP t c» 4 o 4 izmmzti&ni±.mmt 



(36) 1 1 - 5 1 2 5 9 8 

^f-yf 4 1 2 £7 vr-fZtzltXDm 2 PTC^S 4 1 4^ttbnT^^ 0 IES 
ftm^lTii. »^^^/l'X-l'>y^4 1 1 O^WtliL 

Tt^ 0 «JPTC«4 0 4 t/^^fl^^'yf 4 0 6 fcU ±$L/c <fc •? 
{§^Tm#fi£C7£-ti£o PTCHM4 0 4^f»0|A»^^^X^-yf 
4 1 Z&lVvfiSltxnMi 1 O'MQli^O, B2PTC^S4 1 A t<D 

mmzm\;& 0 H2ptc^*4 i i^^^m^mwu^^ji^^^i 1 2 

^Hlv/c^tz^.y^-r^o £©III&l?i4> M2PTC^g4 1 4fcHr^-y ? 
PTC. ^H^g*n;c7)J;9^-^7>y hit© t-?-<?&|U,\ 

t&®mt^7m\\(Dmjj*n.mt&'^) 4 2 4^w^nr^^ 0 m» 
(DMnm^tt UT(i/< y x ^ 4 2 4 «ia$ti& ^ £ ft < ji* ^-^M^r-i. 
o feL4>ii«ffi^^Lfc?>, x? 4 2 Apwnm*PTcmm4 0 4 £ h 

^ > 7>U * 9)1X4 v ? 4 3 2 & h U 7°£-££ £ £ .£ £ ^ T, P T C^B 4 

o 4^t>«j±^moit^a^> 0 ^©p^^^^^iij^^ff^Ti^o t«t& 
mmi±-7 h (^lt/j^ ft/N* y x ^ 4 2 4 %®mtz z-t&x%&&t^ 

im^nm^^Mi-sztiz^Xs mmLxmmmuuzumtz,, -m. 

n©7*i/-* -^x^ >y^ {zBffli - ^ z. t bx%& Q n?tif, mft^m&tsjzTf 
m^mmmm^tz^m^tmi cmz.£*> 0 m^w- +-y h^u 
-jj-xnt, nmmimfrfttzm&tmmmzisXis')* mn&xit, m 
^mmmmm (pt) itaMi (ct) ^ (me^w^-cv^^ 

y b-^^-f^o 01 G(w^$n/i^^^Lfc-9— +>y h7-'lx-*-T?(i N 
$77<^#-#^X^y^4, 6^|rI#(wP§. |? 2 X-f >yf- 6 tePTCH§2 



(37) 1 1 - 5 1 2 5 9 8 

tw i x-r >y + 4 ^iS^jtz^i-^ 0 mwv^-v-j ?)i<Dm, 

xXt-e&M U^-yf4 te7-?«o ^.©ffiKJi. PTC^g{#£j5x£*tLT 

w ptchs2«:. frvnm* 1/2 o^l 1/3 0 (^jpgir 

^4, 6©7^--;bh*»«S^mi:l/2 OfrWLl/3 0 l^WPtZ 
o zom^lt, tiJ-tDlsW&A , 6 tf—~?r*b±t£ < {£7 

frX-f >y^t LTffl^nii. £ft* cfc 9 * /I/ 

X^y^fflt^i ^ £ TWffjT* £ o ^Oj;d^X^«y f - CDgjfP(i. if- 
^>y h7\l/-^-ffltI2«Lfcfe©^IS]1imv\ tztiL^ *t>-Jj , 



(38) 



1 1 - 5 1 2 5 9 8 



[HI] 




FIG. 1a 



V>2 



^6 

FIG. 1b 




FIG. 1c 



(WF 1 1 - 5 1 2 5 9 8 



EB2] 



100 




FIG. 2a 




FIG, 2b 




FIG. 2c 




140 




FIG. 2d 



(40) 



1 1 - 5 1 2 5 9 8 



[02 b] 




FIG. 2b 



(41) 



11-512598 




EH 3] 



(42) 



#3W 1 1 - 5 1 2 5 9 8 




FIG. 3d 




FIG. 4a (Prior Art) 



(45) 



250 



\ 



244 

— -WV 




234 



FIG, 4b 



250 



244 -x 




234 



FIG. 4c 



11-512598 




(47) 



®$k¥ 1 1 - 5 1 2 5 9 8 



[06] 




FIG. 6a 



420 




-408 



FIG. 6b 



404 



430 




422 



-=±=-—408 



FIG. 6b 



404-v AAn 
\r 44D 

rife ^ 




406 ™ J \ 



4&2 




414 I 410 




-408 

FIG. 6d 



460 




-408 

FIG. 6f 



(48) 



11-512598 



MTEKNATIOMM. SEARCH REPORT 



Inter nal Application No 

PCT/US 86/14559 



A. CLASSIFICATION OP SUBJECT MATTER 

IPC 6 H02H9/02 



AcgmSng to fctcraattonal Patau aaroficattop (WQ or to both nalional classification and IPC 



B. FIELDS SEARCHED 



Minimum dociHneBUnon searched frfimific&boa sysum foltasssd by dasoficaacm symbol^ 

IPC 6 H02H H81H 



Pocumcift&nen searched other than s 



Eleccronifi flata has consoled &mng the mianaaax^l search (fisra of dsts to and. wto practical, s«rth terras used} 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Citrgcuy ' 



Outwit of" document, with indication* wftcre appropriate, of (he relevant passages 



Rdsm* to claim No. 



DE 26 42 935 A (MIEFNECKER A) 2 March 1972 

see the whole document 

US 3 249 81D A [STROM) 3 May 1966 
see figure 5 

EP G 363 746 A (ASEA BROWN BOVERI) 18 
April 1993 
see abstract 

FR 2 653 593 A {MERLIN .GERM) 26 April 
1991 

see abstract 

DE 24 43 522 A (SIEMENS) 22 January 1976 
see figure 3 



1,2,4,5, 

42-45 

3 

3 

1 



□ 



s are hum si file e 



sofhoxC 



|Xj| Pxtaaf^ymoDbfirsmUstediAB 



* Special categories oi OU& documents: 

"A* decunuw ds fining the general state of the art which israt 

eana&acd to be of partiesiar setevane* 



c niihitnhtti after the intern** exud filing data 
ox priority date and act ta conHict wilb toeWteasen hue 
. . . - laidcriyi 



died to Uiiticiitiaii tiK principle or Uiccry t 



dying the 




•X* 



*L* docwneni winch znay ttnoi. 

whwfc is cited to establish tt»« publication date of * 
cjtrioa wsaher special wa**i (as specified) 

*0* document referring ta ad oral disclosure, use, exhibition off 

*P* document published prior to the international filing date but 
Uwr Una the priority d*» claimed 



( be Guastdcred novsl or cznnoi be ceoadered a> 
re an iswennve step when the doctawnt is taken alone 
tem of particular relevance; Ox deimtd ittvenrion 
l be considered & involve aa invertive step when as 



« patent (*B*iy 



Date of the actual eompfeaon of tn< inhmatttnai «arcb 



7 January 1997 



Date of mailing of the imcmsuona! tesrda repon 

28.05.97 



Name and maUint addraa of the ISA 

European -Patent Office, P.B. 531 8 
M, - 2280 HV Rijwijk 
Tel <^ 31 »70) 340-2MG, Tx 31 651 
FaK( + 31-70) 340-3016 



SALN« R 



torn PC* IlSMtlQ (s«aftd rittttl (July 1953) 



(49) 



#^¥ l 1 - 5 1 2 5 9 8 



WTESMATIOHAL SEARCH REPORT 



^national application No. 

PCT/US 96/14550 



%m i ObSOT&si« tsyfiuare certtthi claims were found unsearchable ^Confin ration of item I of first sheet) 



Tins International Search Report has not been established in respect of certain claims under Article I7f2)(a) for the following reasons: 
I. I I Oauiu Kos» 

1 — 1 because they relate to subject matter not laired to be searched by this Authority, narady: 



2. n OaimsHos.: , , , 

bemtise they relate to parts of the lm®msooimi AppUess&on that da not comply with the prescribed requirements to such 
as extent Xhzl no megsdagfyl International SearcJa can tea earned ouv, speciflcaliy: 



I J Ohflhm NO!.: 

because they are dependant claims and arc not drafted ia accordance with the second and third sentences of Rule 64(a). 



Box II Observations waere unity of invention is Eadung (C^nliauation of itesn 2 oT Brat sheet) 



This lafcarsational Searching Authority found moMpie inventions in this wurnatkroa! application, as follows: 

1. CLAIMS 01-10,42-45 

2. CLAIMS 11-16 

3 « CLAIMS 17-27,40-41 
4 * CLAIMS ZB-39 

FOR FURTHER INFORMATION PLEASE SEE FORM PCT/ ISA/205 MAILED 150197 

1. PI A* aU required addmonal search fees were 

searchable claims. 

2. (J As ait searchable claims oeuM be watched widiout «rTost justifying an additional fen, this Authority did not invite payment 
— off any additional fee. 



I 1 As only some of the required additional search tecs were timely paid by the applicant, this International Search Report 
— covers only those chums for which fees were paid. specScally claims No*,: 



4, [X^ No required additi«mal search fee* ware timely paid by the applkant Consequently, this Ineemsuosial Search Report ir 
restricted to the inwniiorj first mentioned in the claims; it. is covered by claims Nos.: 

01-10,42-45 



Remark on Protest j j The additional search fees were accompanied by trw applicant's protest. 

j [ No protest accompanied the payment of additional search fees. 



Form PCT/ISA^IO (continuMron of first shoot {!)) (July 1992} 



(50) 



11-512598 



INTERNATIONAL, SEARCH REPORT 

Information on patcai family mantes 


tote *ui Aprticttka No 

PCT7US 96A4558 


Patent document 
died in patch report 


Publication 


Pstuttt fsmBy 

mtmber(E) 


Publication 
due 


DE 2842935 A 


02-03-72 


NOME 






US 3249810 A 


03-95-65 


CH 413954 A 
DE 1264392 6 




EF 0363746 A 


18-84-90 


SE 462250 B 
DE 68916152 D 
DE 68916152 T 
ES 2657042 T 
JP 2163905 A 
SE 8803644 A 


21-95-90 | 

21-97-94 

12-81-95 

16-10-94 

25-86-90 

14-84-90 


FR 2653593 A 


26-04-91 


BE 1605336 A 


29-96-93 


DE 2443522 A 


22-01-76 


NONE 







Form PCTflSAtflO fiwtett fcmUy whwk) (July 19521 



(51) 



#St¥ 1 1 - 5 1 2 5 9 8 



7D> 

(81)|g£H E P (AT, BE, CH, DE, 

DK, ES, FI, FR. GB, GR, IE, IT. L 
U, MC, NL, PT, SE), CA, CN, JP, K 
R, MX 

a— 2608# 



imiBl ¥fiSU 6*P9£2 4B ( 2 0 0 4. 9. 2 4 ) 

l&mm 11 — 5125 9 8 

[SUBl 1 1 £ 1 0 J! 2 6 B ( 1 9 9 9 . 1 0. 2 

mmmm #m¥9-5 12058 

H02H 9/02 
H02H 3/08 
IF I) 
H02H 9/02 D 
H02H 3/08 T 
H02H 9/02 B 

mmi 1 5^9 n 1 0 a ( 2 0 0 3 . 9 . 10) 
& m 1 1 1 

miEism mm 



(2) 



JP 1999-512598 A5 2004.9.24 



¥• fflt W IE 



15f 9 3 1 




1. 



¥fiSO 9ifMIS5 I 2 0 5 8 f 



2. am**** 



T 540-0001 

* KIT:* Kill 1 TS 3 « 7 ^ IMPfc*^ 

«8S 0 6-6949-128 1 FAX 06-6949-0361 



#S± (6214) *m 




II (D 



(3) 



JP 1999-5.12598 A5 2004.9.24 



JMtt 

(2) ^MH^^Sffi^ I NORMAL^ fett«Wi«V^«Sl I FAULT' " 

b, jttliEleJSgjgilrS^J*. 
(1) WIS«#^iEM^«$^ 

i normal^s / -^/vmm*% u 

( 3 ) JSftfcrtc I normal * 9 /JvSvHST Ufc«5l^EttS^d— ^ M** 

( i ) «he«»*^ t wmmmmmmwmmmmm^mmm £ *t> 
zthiz&ox. mmmmm^*yxTA£mftz>mm& i normal 

^ FAULT ^^^-^ i> 

(i i) it^LfcS?5l^a&IB/M^^*^^», 

( i i i ) wmmmmmm^mmy ^ ^itii 9 e>H5£ t *mk 



1 



(4) 



JP 1999-512598 A5 2004.9.24 



y t m o m £ y = -r c i & #fst£ -r 5 1 xi* 
a. mm*-* *x p t c«Htt> 

c i ) MflB9 =>r .a>& zxmms^ p t cmmmt wm izwmzfa 

( 1 ) m y v~=*^ Mb mnx\ mm^-f p t cm» <t jfeaucgsit* ^ 

(2) BufBlHlfg^-f s>^J&*BB CXl^S k%&m DT*5«J x WflBlHl^^y^^^ 



2 



(5) 



JP 1999-512598 A5 2004.9.24 



a. mmm^mmm^-\t, 

(2) m*mKmz i normal ^> v4^^mTLtcmmmfo%7*-frmn 
b . mmmwm^te, 

c i ) ffimm&mem* t miimmzin, 

(2) -simmw&nu wmnmmm\t, 

( b ) mmm>HMMm<DMm&mmmz / i NORMA l &iHxfc t 

(3) nyxv^^^ii, ifSBa>y*v— ^f±, 

(a) ^Ifc^M^SifrlBiiJ^m^^©*^ I CONTROL ^- * 
( 4 ) I CONTROL t I LOAD t .©ffiift&S^fcftfc I D 3 F F 

(1) mmmmmTfcMmmm&n, 

(2) ( a ) it&fe^mm©m» i normal© t % , mm^-i ^*§ft ©« 

«©miBM»*-?©S$i:tt^M1-$it«, I CONTROL t I LOAD <t 

I DI FF £TISl3 J: 5 MT-fe 9 , ^o, 

( b ) fifBE*W£@KS>««lfo&s I normal Sr^fcftfc b tLfcm«f£Mx. 



3 



(6) 



JP 1999-512598 A5 2004.9.24 



I CONTROL ^ I t OAB^^)i355lo.IP.F^«^i5*«[-e*>* * 5 fc, fWB* 

fl^fA^ot, iWBiimWMV^xAlt, IS?88WS^£JH***£ 

( 1 ) J — -^vMBSfE I norma i,3 5 3l;ft<§ / —'wMKii £ > 

(2) K^^J^t I toAD 0:l3/>iSv^fiTl'fc««* s *ii'57*^A'h^i: 

b. tufBfij#*^l4s 

( 1 ) iuiBinsss mmm^ t mn^rn^ *v* 

(2) (a) mm&y-^wM i normal® ^- tiKiwawfcffteJfc^Ttt 

(b) mfc&mmz^^'i^i»QXM*impiizt$s mmmm 

^jiwafla^sTFti^ p t c^e t > «wbp t c mm^mmm s m^n^t ? 
( i ) ps at./ <~-*A<#Mk m^±y*-iv hmn&fi u 



4 



(7) 



JP 1999-512598 A5 2004.9.24 



«gK:#j b*t5 r b *mkk*t *lft** i o \zW&(OM%m$m%'x s rK 

a. mieU£g0rS?HU 

( 1 ) / -TAim I NO RMAL«*lS / — V/l^H i , 

( 2 ) ifS* mWffyfo I normal £ ^ * * V Lfcll»57t-^ mi 

( 2 > c a ) j ~ta<w* i norma l © t * > wiem^WA^fcit^T® 



5 



(8) 



JP 1999-512598 A5 2004.9.24 



(i) mmumm^-Kmmm^hs 
t a. 



6 



(9) 



JP 1999-512598 A5 2004.9.24 



Wzwmtmmti s t > iraw ^sh^b* thorite * o xmrn^u 

c . MSB-Wig;^ y ^i^-MSS*^ /v HI© i t> M 



7 



(10) 



JP 1999-512598 A5 2004.9.24 



20. a. mJd&feMk, 



